To display actual values of non-linear reaction in a continuous chemical reactor, micromixing models by Weinstein et al.ll)and by the authors9)are applied and compared. These models are able to represent the values of micromixing effect by combining the effect of complete segregation and maximum mixednessin proper proportion. Next, as it might be thought more proper to represent the micromixing effect directly by a mixing model, taking into consideration the flow pattern of the reactor, this is attempted with the mixing model proposed in the previous paper7). As a result, it is recognized that the model represents experimental values fairly well, as shown in Fig. 7 .
Introduction
Various models have been built to represent quantitatively flow pattern and residence time distribution offluid elements in a stirred tank.
In the case of a 1st order constant temperature reaction, the conversion in a stirred tank reactor can be obtained only from information about the residence time distribution function and reaction kinetics. But as to reaction processes other than the 1st order, determination of conversion is not simple, because of the micromixing effect. For two extreme conditions of micromixing, the concept of complete segregation (C.S.) is considered by Danckwerts1), and that of maximummixedness (M.M.) by Zwietering13). In the condition of C.S., the fluid elements form discrete lumps and each fluid element is completely mixed, such as in an ideal batch reactor. As a whole the fluid is satisfied with the residence time distribution. In the condition of M.M., the concept of age and life expectation are introduced, and fluid elements having identical life expectation are always mixed uniformly. Actual experimental measurements of a continuous stirred tank reactor indicate, as reported by , that the condition is almost at C.S. in the range of low Reynolds number, and that it approaches M.M.as Reynolds number becomes higher. The same result was obtained also by the authors10). Weinstein and Adlerll) have proposed a model combining C.S. and M.M. to show the micromixing effect. Recently, many other similar Matsubara, S.5>6) and the authors9). However, these models are based on adding one or more parameters to show the micromixing effect, and they do not always express physical phenomena in a tank. In this paper, the model of Weinstein et al. and that of the authors are applied to the analysis for each Reynolds number.
Next, it is emphasized that the degree of micromixing can be represented reasonably by modifying phenomenalistic models which have been proposed to express the residence time distribution in a stirred tank*, s, io).
Micromixing
Model by Combining C.S. and SKM.
1.1 Explanation of the micromixing model 1.1.1. The model byWeinstein and Adlerll) Defining the dimensionless time, age and life expectation, such as <f>(=tld), a*{=al6) and X*(=kl0), in the consecutive model by Weinstein and Adler, the fluid elements with an age of 0 < a*< <j)c flow out after experiencing only C.S., and the fluid elements with an age ofa* > 4>c are affected by M.M. after experiencingC.S. duringan age of <j>c. As shown in The boundary condition at <fi = <f>j is rj*%.,, = i (6) From the above, the concentration Fm(<f>j+1) leaving the part A;-is obtained.
Next, as to the part B^of C.S., the following equation is written. i = Rira
d?
The initial condition at <j) = <f>j+1 is r = rj^+1) (8) Assuming a second-order reaction, the reaction rate can be shown by the following relation
In this case, the concentration Fj leaving the part B^-is obtained by The values of parameters of these models, <pc and m, can be determined by plotting the experimental values of Fe in Fig. 3 . These values complete a model to predict conversion. And then, as the fluid elements in the neighborhood of the inlet seems to be in the condition of M.M., the model of the authors represents physical phenomena in a stirred tank fairly well.
Model from the Viewpoint of Flow Pattern9)
Explanation of the micromixing model
Because of the micromixing effect, the conversion of a simple non-linear isothermal reaction may be between the values of G.S. and M.M.for each Reynolds number. To display actual values of non-linear reaction, the effect of parameters in micromixing models by Weinstein et al. and by the authors is calculated in the previous chapter. These parameters express whether it is near the state of C.S. or that of M.M., but these are not introduced directly from models based on physical phenomena in a tank reactor.
Therefore, the values of these parameters must be evaluated by adding other information to that of macromixing, such as residence time distribution from tracer response.
For example, we can determine the values of these parameters so that the calculated results by a model agree with the experimental values of tracer response and conversion for non-linear reaction.
However, the phenomena of micromixing exist even if no reaction is occuring in (26)- (29) are given by Eq. (13) Table 1 corresponds to C.S., No. 5 to M.M. and Nos. 2, 3, 4, are between C.S. and M.M.. As aresult, the range of NRe<30 in zone I is represented by the caseofNo. 1 or C.S. andtherangeof30 < NRe< 80 is represented by the case of Nos. 2,3, asin Fig. 7 . This indicates that the mixing condition of point A and B, and that of C and D are almost equivalent. This fact might correspond to the actual phenomena.
As to the mixing model of zone II, the effect of the combinations of mixing condition at each point, such as Nos. 1~18 of Table 2 , can be calculated by the values in Fig. 3 . Taking into account that the mixing conditions of point A and B are nearly Next, as it might be thought more proper to represent micromixing effect directly by a mixing model which takes account of flow pattern, such a representation was tried with the mixing model proposed by the authors. As a result, it is known that these models represent experimental values fairly well at any Reynolds number. The effect of micromixing at each Reynolds number, conversely, will be predicted by these models, and they can be used in scaleup.
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